No significant difference has been demonstrated in the altered circadian blood pressure pattern between the pituitary-dependent and adrenal forms of Cushings syndrome before surgery. The effect of therapy, however, proved to be different. The mesor was normalized in the pituitary-dependent Cushings syndrome more conspicuously for systolic than for diastolic blood pressure. In Cushings syndrome due to adrenal adenoma, systolic and diastolic blood pressure mesors have been even significantly overnormalized after treatment, being 11 to 27 and 2 to 13 mmHg (95% confidence) lower than corresponding mesors in controls. There was no difference between forms in the effect of treatment on blood pressure amplitudes, which remained significantly lower than in controls. Finally, acrophase patterns were partly normalized after treatment of the pituitary-dependent form only for diastolic blood pressure, while both systolic and diastolic blood pressure acrophases were normalized in the treated adrenal form. In conclusion, complete normalization of the pattern of daily blood pressure profile has not been achieved in either form of the syndrome. This may be one of the reasons for the reduced long-term survival after surgical cure of hypercortisolism, than expected. 
Introduction
The daily blood pressure (BP) rhythm in Cushings syndrome matches that of cortisolemia, which typically differs (1,2) from the normal pattern (3,4). The same is true for BP: in contrast to its normal daily profile (5), there is an increase of both systolic and diastolic BP values, a decrease of their day/ night variation and a time shift of their highest values towards night or morning hours (6,7). The aim of the present study was to verify these features and to determine whether they are normalized after successful surgical therapy in the two different pathogenetic forms of Cushings syndrome. This issue has been addressed, so far, without considering the chronobiology of BP (8) and sometimes also without differentiating the pathogenetic forms of Cushings syndrome (9,10).
Patients and Methods
Twenty-one patients with Cushings syndrome were studied (Table 1) . The diagnosis was confirmed in 19 by histological examination of surgical specimens. In 2 patients who refused the recommended surgery, the diagnosis of pituitary-dependent Cushings syndrome was based on clinical findings, laboratory tests, and abdominal and sella turcica computed tomography scans. The circadian cortisolemia pattern after surgery in patients submitted to replacement therapy was normal in all cases. BP was monitored 2-3 weeks before and/or 2-12 months after surgery.
Fifteen volunteer normotonic, nonobese (body mass index 19-24) healthy members of the nursing and laboratory staff (3 males and 12 females aged 21-58 years) served as controls for blood pressure monitoring. Informed consent was obtained from each subject.
BP was monitored automatically every 15 min for 48 h by the noninvasive cuffoscillometric method using the Tensostar instrument (Chirana, Stara Tura, Slovak Republic). At the start of each run, the automatic measurements were validated with a mercury sphygmomanometer. All 27 monitoring runs were performed in a ward setting, with the subject in a recumbent position. Probands were allowed to leave the bed for bathroom needs between measurements. Breakfast was served at 7:30, lunch at 12:00, and the evening meal at 18:00. All lights were turned off at 21:30, and probands were awakened at 6:30.
The data obtained [available upon request at <mikuleky@upkm.sk>] were analyzed by the cosinor regression method (11) using an original computer program (12). The resulting estimates of mesor (analogy to the daily mean value throughout the 24 h), amplitude (the range between estimated daily maximal value and mesor) and acrophase (the estimated time of the daily maximal value) were expressed as nonparametric 95% confidence intervals for each group (13) . The difference between untreated Cushing and control values of BP parameters was evaluated by the Mann-Whitney test, with the level of significance set at 0.05. The 95% confidence intervals were computed for the difference between treated patients and controls (14) .
Results
The results are shown in Table 2 and Figure 1A ,B. The increase of systolic and diastolic BP mesor (with wider ranges in the adrenal form of the syndrome), the decrease of their amplitudes and the alteration of acrophases were similar in both untreated pituitary-dependent and adrenal Cushings syndrome. After the surgical removal of hypercortisolism, a decrease of systolic and, to a lesser extent, of diastolic mesor was observed in both forms of the syndrome. In the adrenal form this decrease even tended to reach hypotensive values. The decreased amplitude of both systolic and diastolic BP persisted after surgery. The normalization of 
Discussion
Our results confirm previous reports by others on this issue (6,7). In untreated Cushings syndrome there is indeed a general increase of blood pressure values, a diminished day/night variation and a time shift of the highest blood pressure values. The present study extended these findings by the systematic and rigorous analysis of blood pressure circadian rhythm after surgical removal of hypercortisolism.
Evaluations of the effect of surgical removal of hypercortisolism on blood pressure have been based previously on casual blood pressure measurements only, without considering circadian fluctuation (8-10,15). Moreover, these reports do not mention differences between the pituitary-dependent and adrenal form of the syndrome after surgery. The data for decreases of systolic and diastolic blood pressure after surgery are in good general mutual agreement, reporting a fall of approximately 40 mmHg in systolic blood pressure and a fall of 24 mmHg in diastolic blood pressure. They also roughly agree with our data, except for the marked differences between the two pathogenetic forms of the syndrome revealed by the present study. Our results confirmed those of others, showing that systolic blood pressure was normalized to a greater extent than diastolic blood pressure (15) . However, the opposite result was reported for children and adolescents (10). The report in the literature that there were no differences between the two most frequent pathogenetic forms of Cushings syndrome (8) is also at marked variance with our findings.
The present paper does not deal with a time course of the therapeutic effect on blood pressure during months and years after surgery. Studies focusing on this point (8-10) showed rapid improvement a few months after surgery, with some (8,10) or no (9) improvement later. The duration of hypertension in Cushings syndrome appears to be the determinant of persistent hypertension following successful surgery (16) . Indeed, one of our few patients who required antihypertensive treatment after surgery had the longest duration of Cushings syndrome with hypertension of all the patients in the study.
Clinically, the most important product of our chronobiological study appears to be the fact that the circadian pattern of blood pressure was not fully normalized in either pathogenetic form of Cushings syndrome. A decreased amplitude without substantial change persisted in both forms; moreover, the derangement of the acrophase for systolic blood Table 2 -Lower-upper limits of the 95% confidence intervals (for the adrenal form of the syndrome before surgery, only the ranges are given) for chronobiological parameters of blood pressure in control and Cushing samples.
Significant differences between groups were determined by the Mann-Whitney test (a-a to e-e) and by the confidence intervals for the difference (A-A to G-G, Figure 1A, demonstrable by the common static blood pressure measurements, contribute to the observations (17, 18) that the removal of hypercortisolism per se does not result in improved survival.
